Introduction
The interplay of disorder and interaction in strongly correlated electron systems is remaining one of the most outstanding issues of condensed matter physics. A strong enough disorder can localize electrons, turning a semiconductor into an insulator at low temperature. The disorder alone, however, does not drastically alter the electron density of states (DOS). When a long range Coulomb interaction is added, the electron DOS gets depleted near the Fermi energy, producing a soft gap at zero temperature. The shape of the gap in three dimensions was predicted [1] by Efros and Shklovskii (ES) to be parabolic, with a universal prefactor, independent of the disorder strength. While not generally accepted, this universal behavior could be attributed to a glassy nature of the model at low temperature, related to a strong frustration due to the Coulomb potential. On the other hand, the pseudo-gap often starts opening at a much larger temperature than a glass transition occurs, or even in the absence of the disorder. Understanding the nature of correlations above and below the glass transition temperature, their characteristic energy scales, is essential for successful interpretation of experimental results, which are often are not in satisfactory agreement with established semi-phenomenological theories. Our work [2] addressed those issues.
Results and Discussion
We used a simple effective theory, which self-consistently incorporates both local correlation and nonlocal Coulomb screening in the system. There two important scales in the problem: the bare Coulomb energy, representing electrostatic energy of neighboring charges and the disorder strength. We found that as the temperature is lowered, a dip in the electron DOS emerges at the temperature of the order of the bare Coulomb energy. This dip (often mistaken as the ES gap) simply reflects a near order in the system, developing due to particle-hole (plasma) correlations. At an order of magnitude lower temperature (and not very large disorder) the system enters the glassy phase. The screening length diverges as temperature is further lowered. This vanishing of screening is an essential ingredient validating older theories. It is in this glassy phase, in the absence of screening at zero temperature, where the true ES gap is formed. In the strong disorder limit the particle hole correlations, together with the plasma dip, are suppressed. We analyze this limit to predict the ES power low solely from the glass transition temperature. We thus showed that the universal properties of the Coulomb gap are intimately related to the marginal stability of the glassy phase.
Conclusions
We convincingly demonstrated that the emergence of the Coulomb gap and its universal shape is connected to the onset of glassiness in the system, accompanied by the vanishing of screening. We also notice that our theory turned out to be quantitatively very successful, and can be used to explain numerical simulations as well as experimental results.
